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FOREWORD

Westinghouse Electric Corporation, Aerospsce Division, Baltimore, Maryland
has investigated the system requirements of a radar altimeter applicable to
deep space probes. The study has heen condiucted under contract NAS 1-5953 with
the National Aeronautics and Space Administration, Langley Research Certzr,
Hampton, Virginia, The Westinghouse order number wasz AAD-53449.

The results of the study are presented in three volumes. Volumes I and II
are the technical report and development plan, respectively. This document,

Volume III, describes a Reliability and Quality Assurance Plan for the altimeter's
design, development and production.
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INTRODUCT ION

The Reliability and Quality Assurance Plan described in this document
establishes the minimum requirements for an orsganized, comprehensive reli-
ability plan as part of the Space Probe Radar Altimeter (SPRA) program. It
deals with the effort of the Westinghouse Electric Corporation, Aerospace
Division, during all phases of the altimeter's design, development and pro-
duction. The plan complies fully with NASA document NPC-250-1, "Reliability
Program Provisions for Space System Contractors.,"

The described plan integrates the reliability tasks required by the SPRA
with the skills of the Aerospace Division's Reliability Engineering Depart-
ment. The tasks outlined are implemented with proven procedures and techniques
which are the results of Westinghouse experience on other successful NASA
programs, Such programs have been the Gemini Rendezvous Radar, the Iunar
Television Camera, and the Environmental Measurements Experiment for the ATS.

Westinghouse experience indicates that technical compliance with contract
provisions alone will not guarantee a reliable product. However, the company
believes that the chances of producing a reliable product will be greatly
increased if the provisions of this plan are followed, both technically and
in spirit.

1
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PROCRAM SUMMARY

Westinghouse will exercise effective reliability control over all in-
plant and purchased products by implementing the following program:

(a) Apportioning the reliability requirements to all components of the
systeni.

(b) Requiring suppliers to determine all pertinent operating character-
istics and strengths of all materials, components and parts used in the system
under the anticipated operational stresses and environments..

(¢) Providing assurance that:

(1) adequate safety margins or derating exists in all parts, com-
ponents, and materials, such that each part and component will meet or exceed
its apportioned reliability requirement under anticipated operational loads
and enviroments:

(2) the design is an optimum for its use: and

(3) the reliability of the final product meets or exceeds the speci-
fied requirements.

(d) Planning and conducting test programs so that the test results can
validate predictions and assumptions made in analysis.

(e) Istablishing procedures to ensure that the inherent reliability
attained in the design will be maintained during fabrication and testing.

(f) Establishing reporting procedurcs which will allow NASA to conven-
iently monitor all phases of the program.

Equipment sterilization for deep space probes may degrade the character-
istics of some companent parts. VWestinghouse has previously studied this
problem and will establish controls on the SPRA program such as desipn from
an approved list of parts plus sample testing to ensure adhererce to specifica-
tions.

3
UNCLASSIFIED

AEROSPACE DIVISION



UNCLASSIFIED @

RELIABILITY PROGRA¥ MANAGENMENT

Program Directors

The direct responsibilities for the SPHA reliability and quality lie with
the Program Manager. Because of Lhe importance of the task, however, these
responsibilities are delegated to two program specialists, the Director of
lkeliability Engineering and the Director of Quality Control.

The Director of lieliability Engineering is primarily concerned with the
design phase of the program. The Director of Quality Control oversees the
subsequent manufacture of the SPRA system. A4s a matter of policy, the “esting-
house Aerospace Division closely coordinates these two efforts to ensure contin-
uity from development through production of the system,

Responsibilities

The overall responsibilily of the Director of Reliasbility linFineering
is to implement the tasks described in this program plan. Aiding hirm are the
specialists in the Aerospace Division Systems iteliability Engineering and
Component Parts Ingineering groups.

The Director's specific resonsibilities are to:

(a) prepare and implement the lieliability Program Plen.

(b) organize and control a reliability operation ademate to execute
the program plan,

(c) formulate and apply the procedures required to execute the progranm.

(d) coordinate the Reliability and WQuality Control operations with the
Director of Quality Control.

(e) continuously monitor the reliability aspects of the program and
keep project personnel, project management and the customer abreast of the
status of the reliability effort.

Reliability Control

Another requirement for good system design is a good working relationship
between reliability engineering personnel and the detall design engineers.
To assure that optimum techniques are used, the design engineers will be
provided with:

(2) the current reliahility apportionments and estimates for those parts
and assemblies for which the designer is responsible,

(b) all other design requirements such as performance, space, weight,
interface and interaction requirements.

(c) all pertinent analyses such as design configuration, failure effect,
circuit and heat transfer.

(d) preferred parts lists with parts characteristics such as tolerances,
ratings and failure rates.

2
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Reliability Indoctrination and Training

During this program there will be two levels of indoctrination and
training.

Engineering and management.,-Reliability indoctrination and training at
this level is a continuous program at. the Aerospace Division, To provide
management and engineering personnel with the unique reliability aspects of
this program, informal reliability training sessions will be conducted during
the program,

Manufacturing, test and handling personnel.-The personnel involved in
building, testing and handling this equipment will be trained throush a
series of motivation and training classes conducted by the Quality Assurance
Group. This propgram will be described later under the Quality Program Plan.

Subcontractor and Supplier Control

Subcontractors and vendors will be surveyed Lo assure that the required
reliability is achieved during design, and that the quality of their products
is maintained througrhout the program.

The following steps will assure the meeting of these goals:

(a) Each vendor will be surveyed as to capability of meeting the re-
liability and quality requirements,

(b) The vendor will be inspected periodically to determine compliance
with the reliability and quality requirements.

(c) Vhere required, there will be source inspection by Vestinghouse
inspectors,

(d) lecords will be kept of vendor performance in the areas of quality
and reliability and periodic reviews will be held to determine compliance.
(e) Purchased parts will be tested periodically to assure their
integrity after decontamination and sterilization. This test program will
be monitored by the reliability engineer to ensure close follow-up and

connection in problem areas,

The prime responsitility for control of subcontractors and suppliers
rests with the quality assurarce group. However, the reliability aspects
of control will be coordinated with reliahility engineering.

Program Reviews

The Director of Reliability Engineering and the NASA Langley Research
Center (NASA/LRC) program representative will jointly conduct formal reviews
of the reliability program to assess the programs progress and effectiveness.
These reviews will be documented and reports submitted to the NASA/LRC tech-
nical officer.

6
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SYSTEM RELIABILITY ENGINEERING

Reliability BEngineering is an integral part of all phases of the design
and development process. This section of the program plan describes the basic
elements of the SPRA reliability engineering effort.

Design Specification

The Director of Reliability Engineering will review and concur on all
Westinghouse=-generated drawings of functional assemblies and all specifica-
tions of performance and interfaces., This will assure that environmental
requirements, pertinent test criteria, safety margins, and derating factors
are sufficient to meet the apportioned reliability goals. As these specifi-
cations and drawings are updated all changes and revisions will be reviewed
by the Director to determine their effect on reliability prior to approval
for release.

Analysis of Failures and Their Critical Effects

An analysis of all conceivable failures and their effect on the SPRA .
mission capability will be conducted during the design phase. The analyses
will uncover critical reliability areas and direct appropriate attention to
them.

In the early design stages the analysis will consider the consequences
of failure at the higher assembly level., In the later design stages the
analysis will be at the circuit level and related to the piece part failure
analysis during the circuit analysis. The failure effect analyses will
involve the following considerationss

(a) Functional block diagrams will define the operation of the subsystem
and functional groups of circuits or components, The design output require-~
ments for each functional block will be indicated on the diagram.

(b) It shall be assumed that each block fails in turn. A systematic
procedure will be followed whereby, for each block, each output signal is
assumed to fail in its most critical position or under its most adverse con-
dition. All environmental conditions and operating stresses will be consid-
ered. Any condition whereby the output does not meet the design output
requirements shall be denoted a failure. The procedure will assure consider-
ation cf all conceivable failure modes at the circuit level and higher.

(¢) Symptoms and consequences of each [ailure con the next higher level
of assembly and on the mission capability will be included in the failure
modes and failure effects report.

(d) Also included will be a numerical probability of failure, a safety
margin, and the derating at high temperature,

(e) Failures will be classified as follows: I. Equipment inoperative
or badly degraded; II. Equipment slightly degraded; III, Equipment not
affected, nuisance failure,

7
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(f) If tests are necessary to verify the consequences of assumed failures,
test plans will be submitted to NASA/LRC for approval prior to starting.

Reliability Apportionment

To achieve the overall system reliability goals, the reliability require-
ment will be apportioned among the various system components. Such apportion-
ment will be on the basis of their relative complexity and relative importance
to the success of the mission as indicated by the failure effects analysis.
Refinement of the apportionment during the progress of the design will reflect
any deviations from the initial assignments. The monthly Reliability Progress
Reports will document any such deviations.

Religbility Circuit Analysis

A computer-augmented circuit analysis during the design phase will assure
early application of reliability methods and techniques. The computer program
to be used is one developed by IBM entitled Electronic Circuit Analysis Program
(ECAP). This program will perform the following types of analyses:

(a) DC Analysis - to check for proper biasing of semiconductors

(b) Standard deviation - to check for variation of dc voltages with part
parameter changes

(c) Sensitivity - to check which part parameter change causes the major
effect on the voltage in question,

(d) Part power dissipation and voltage drop - to check reliability by
stress ratios.

(e) AC Frequency lesponse - to check open loop gain for feedback cicruit
stability studies.

(f) Transient - to determine the effects of transients and to analyze
digital circuits such as flip-flops,

In addition to these specific checks, part parameters can be varied to
represent the effects of temperature, humidity, aging, etc. Thus the resulting
effects on the circuit can be found,

The circuit analysis program will be conducted by the reliability engineer
in conjunction with the electrical and mechanical designers and the parts re-
liability control engineer,

During the circuit analysis program the following considerations will be
given to each part in each circuit;

(a) Part performance required

(b) Loading

(¢) Invironmental conditions

(d) Derating under environment

(e) Expected failure rates with (c) and (d).

(£) Mode of failure in given enviro: ment

(g) Symptoms and consequences of the failure mode on the circuit

8
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leliability Predictions and Estimates

A1l phases of the design effort will be monitored and up-to-date estimates
of the system will be maintained., These estimates serve to assess the progress
in achieving the specified reliability and underscore existing problem areas.

Reliability estimates will be prepared. on accordance with MIL-STD-7564,
"Military Standard Reliability Prediction." The failure raler used will be
those of Mil-Hdbk-217A, "Military Standard Reliability Predict.ion," However,
more favorable failure rates based on selected proven parts may be used
sunject to approval by NASA/LEC, Consideration of approval will be based on
supporting data such as environmental test results, availability, etc.

Periodic status reports will be submitted to NASA/LRC comparing the relia-
bility estimates with the apportioned reliability requirements and pointing
out those areas of anticipated or potential trouble.

Review of Parts Reliability Data

A1l vendors supplying parts for flight hardware are required to furnish
serialized acceptance and qualification data with the parts. As part of
the reliability control program the reliability engineer will review this
data prior to release of the parts to stores,

The data will be reviewed and compared to the part requirements to deter-
mine .:i there exists any abnormality which may indicate a marginal condition.
If an abnormality is found the vendor will be contacted and corrective action
taken prior to release of the parts to stores,

Failure Reporting, Analysis, and Corrective Action

All discrepancies or failures occurring in the SPRA program will be pro-
cessed by the lestinghouse Discrepancy Reporting and Corrective Action Program.

The first element of this plogram affects the individual piece parts as
it is delivered to the Aerospace Division., Before the part is accepted for
use it is measured and tested for conformance to applicable Vestinghouse
purchased part requirements, and the vendors test data is reviewed.

If a part does not conform to all requirements of the drawing, the lot
of parts is held, and a laterial lejectiovn Notice (MRN) is written. The MRN
goes to the Material Review Panel consisting of a Quality Control Engineer,
a Parts Reliability Contral Ingineer, and a Project Design Engineer. This panel
analyzes the RN, decides upon the proper corrective action, ana determines
the disposition of the parts,

The next ‘element of this program occurs at the assembly stage. If at this
stage a part is damaged or found to be defective, a Defective Apparatus (DA)
tag is filled out and attached to the equipment. The Quality Assurance group
takes corrective action on each defect and maintains a file which is monitored
periodically to determine if there is a significant trend of defects.

9
UNCLASSIFIED

AEROSPACE DIVISION




@ UNCLASSIFIED

Once a subassembly or module has progressed to the circuit check level all
discrepancies thereafter are processed using the discrepancy reporting system
and report form BA5144 (see Appendix A).

The discrepancy reporting system is a detailed procedure to collect data
on failure, maintenance, and consumption data, and to provide accurate and
timely transmittal of this data to all departments concerned,

Breadboard phase failures.-Failures or discrepancies occurring during the
enginecering breadboard phase will be reported directly to the Reliability
Engineer on form BA5144. It will be the lieliability Engineer's responsibility
to initiake action to have the failure analyzed and to established a feedback
loop such that the required corrective action is taken. A file of all bread-
board failures will be maintained for Vlestinghouse internal use to assure
adequate reliability coverage of this phase of the program. DBreadboard failure
reports will not normally be submitted to NASA/LRC but may be reviewed upon
request,

Engineering model and qualification gystem failures.-Every failure and/or
discrepancy occurring in Engineering liodel or Qualification systems will be
reported to NAGA/LIC., The discrepancy report number will be recorded with
the failure data in the system lo; Look along with the failure data. The
discrepancy report and failed part will be routed to the Reliability Engineer.

The Reliability Inginecr is responsible for processing the discrepancy
report as follows:

(a) Tabulate the failure and pertinent data and inform responsible
design engineer.

(b) Prepare and forward to NASA/LRC a report of the failure.

(¢) Forward the discrepancy report form and parts to the product reliabil-
ity assurance laboratory for analysis, if required.

(d) V¥hen required return the failed parts to the supplier for analysis
and corrective action.

(e) Tabulate the results of the failure analysis and bring them to the
attention of the responsible designers and program management.

(f) Tabulate the corrective action measures and follow up to assire its
effectiveness,

(#;) Torward a complete failure report to NASA/LRC. This report will
include the failure report number, date of failure, system serial number, nature
of failure, test procedure reference, cause, effect on system, reparability,
and the corrective action,

Production phase failures.-The failure reporting, analysis and corrective
action procedures for the production phase (beginning with the production
prototypes) of the program will be in accordance with the Quality Assurance
Program Plan described later.

10
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Environmental Iffects on Reliability

A study will be made of the effects on reliability due to the environments
encountered during sterilization, storage, handling and maintenance of the
completed system. The results of this study will be included as an appendix
to the final report on analys® of failures and their critical effects,

Design Review Procedures

The following discussion defines the requirements for establishing, con-
ducting, and documenting reviews of the SPRA designs.

Design reviews will be held on all designs and there will be special
design reviews as required to examine major changes to the design.

Objective.-The objective of the design review is to promote optimum
consideration, implementation and documentalion of all desipn factors at key
points in the design cycle. It in no way relieves the design engineer of
responsibllity for the design.

Design review levels,-Design reviews will be conducted at the following
equipment levels: .

(a) liodule

(b) Subassembly

(¢) Viring (subassembly interconnections)

(d) System

Schedule.,~Design reviews will be scheduled as required in the Reliability
Program Plan schedule. Design factors to be considered at each review are:

(a) Functional concept

(b) Electrical design

(c) DMechanical design and packaging

(d) Reliability

(e) Produc ibility

(f) IEnvirommental stress

(g) Vleight and mechanical stress

(h) Compatibility with other systems and hardware

(i) Test provisions

(i) Safety and operability
(k) Human factors

Inventory.-The design review inventory is a written analysis of a new or
changed design, current at the time of the design review far which it 1is
prepared. Design inventories are maintained continously throughout the design
program and are assembled for presentation at each design review, Contents
of the inventory are:

11
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(a) Desipn llequirements
(1) Electrical performance
(2) Mechanical
(3) HReliability
(4) Environmental
(5) Specifications
(b) Circuit Design Concepts
(1) block diapram
(z) GULchematic diapram
(3) Description of circuit operation
() Parts list
(5) Ahlternate designs considered
(c) liechanical Design Corcept
(1) Lechanical layout
(?) Fechanical stress considerations
(3) Veight
(4) Cooling
(d) HReliability
(1) Reguirements
(2) Lstimate
(3) Stress analysis
(4) Parts application data
(5) Problem areas
(6) Special and/or critical parts data
(7) Failure history
(e) Circuit fnalysis
(1) Desipn calculations

(2) Tolerance sludics
(3) Failure node analysis
(4) Failure effect analysis
(5) Computer circuit analysis
(f) Test Provisions and Requirements
(1) Desim test data on breadboard models
(2) Design acceptance test requirements
(3) fnalification test requirements
(L) Production test procedures
(5) Test equipment
(6) Sterilization test requirements

Desirn Review Panel

Members.embers of the design review panel are:

ia) Chairman (Project Reliability Director)

(b) Desipn Engineers responsible in the areas to be reviewed, i.e., elec-
trical, mechanical, test etc.

(c) Review panel sscretary

(d) Consultants

12
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uties of the chairman.-The panel chairman's duties are to:

(a) Establish design reviews and schedule

(b) Distribute written notice and agenda of meetings, plus design material
such as schematics, drawings, etc.

(c) Assist in the selection of specialists with appropriate experience to
act as desipgn consultants.

(d) Conduct the design review meetings

(e) Assure recording and distribution of meeting minutes

(f) Take necessary action to implement and follow up the review panel's
recommendations

(f) Assure documentation of all action items and maintenance of a per-

‘manent design review file.

Duties of responsible design engineers.-The design engineers are responsible
for assembling the design review inventory. They will provide copies of this
inventory material to the chairman for distribution to the panel menbers
prior to the meeting, This information must be made available in advance
of the meeting to allow tinely and adequate review of the design prior to the
meeting by the design panel members.

Duties of the secretary.-The secretary of the design review panel will
record the minutes of the design review meeting and maintain a complete
inventory for the design review file. The secretary will generally assist the
chairman in implementing the administrative aspects of the design reviews.

Consultant s,~Design consultants will be selected from personnel competent
to evaluate the particular field represented. The consultants will be selected,
both from within and outside engineering, from groups which are not connected
with the SPRA project.

Each consultant will be responsible for evaluating the design in the field
of his specialty and for studying the design review inventory material.

Fach consultant will be required to state that the factors of his specialty
have been considered and that the design fulfills all requiresents; or that
the design is inadequate, In the latter case he will recommend changes to
correct the problem.

Design Review Administration

Apenda.~The desipn review agenda is a brief outline of the design review
meeting order of business, It assigns responsibility to specific review panel
members and/or responsible engineers for preparing major portions of the
design review material. The agenda will . accompany a formal notice of the
location, tinle and schedule date of the design review, Figure 1 illustrates
the form of such an agenda.

13
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Space Probe Radar Altimeter

Design Review Apgenda

Subject of Review Date

Location Time

Participants:

Chairman:
Secretary:

Design Engineer:

Consultants:
1.0 Introduction Chairman
2.0 Review of design inventory Chairman

for completeness
3.0 Presentation of the desirn Design Engineer

L.,0 DReview and discussion of the Review Panel
design per check list

5.0 Preparation of recommendation Review Panel
forms for submittal to the
chairman

- . S

FIGURE 1.- DESIGN REVIEW AGENDA
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Checklist.~ihe desipgn review checklist is a detailed list of the design
factors to be considered in the review, DIach item will be examined and its
disposition recorded on the list, By indicating whether the design is adequate
or inadequate, a summary of the design review is maintained. Vhen the design
is found to be inadequate or marginal, recommendations will be made by the
review panel for corrective action. T'igure 2 illustrates such a checklist.

Recormendation,-Vritten recommendations by the review panel to investigate
or change the design will be made by the panel chalrmen at the end of the meet-
ing on the recommendation form provided. They will be recorded in the design
review minutes as action items. The recommendation form appears in lFipure 3.

Action items.-The project Reliability Director will be responsible for
follow-up of all action items. As the action items are closed, a full report
of the results of the investipation will be prepared and sent to all members
of the review panel for thzir approval. Vhen necessary, a special design
review will evaluate the proposed changes.

I'ile.-A complete desipgn review file will be maintained on each item re-
viewed, This file will include a complete design invetcor:, the design review
minutes, and the complete design review history of the item. The file will
include copies of all recommendations, the results of investigations, changes,
and teslt data.
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Space Probe Radar Altimeter

Design lleview Recommendations

To: Design lteview Panel Chairman
From:

Area of Responsibility

I recommend that the following ites be investigated
for the reasons as indicated:

Meeting Date:
Subject of Review:

Level of Leview:

FIGURE 3.- DESIGN REVIEW RECOMMENDATION FORM
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PARTS RELIARILITY ENGINEERING

Scope

Within the Aerospace Division the responsibility for implementing an
efficient parts control program rests with the Parts Reliability Section.
That group maintains an efficient parts control program by:

(a) Starting control at the individual design engineer level,

(b) Vesting responsibility for the parts control portion of a given
system with a single parts control engineer.

(¢) Providing a convenient method for obtaining proper part selection
and application.

(d) Using a built-in process as the system design progresses so that
parts are selected, applied, and derated to a predetermined maximum allowable
part failure rate consistent with the system reliasbility requirement.

(e) Minimizing the number of parts and/or part types used in the system.

(f) Developing a part test program that is consistent with the system
reliability requi rements.

(g) Providing an automated method for accumulating part failure rates
and indicating where, what, and how many parts are required both prior to
and after release of design drawings.

(h) Initiating parts drawings, as required, that are consistent with
the system reliability requirements.

Parts Control Methods

Part control on the SPRA program at the Aerospace Division will be
accomplished via the following techniques.

Selection.-There will be controlled selection of all system parts:

(a) A preferred parts list will be prepared in the initial design phase
by the Parts Reliability engineer in conjunction with Parts Reliability
specialists and the project design section. Once this preferred parts list
is established, additions will not be permissible unless it is established
that a part not listed provides the required function. Approved deviations
will not automatically be added to the approved list, each part being con-
sidered in view of the overall requirements.

(b) A parts contral engineer (PCE) will be assigned to the Reliability
Section of the project to control part selection and applications.

Application.-As it is selected, the application of each part will be con-
trolled, The following questions will be answered for each part application
prior to approval:

(a) Is the part designed for the intended function?

(b) Will it meet the sterilization requirements?

(c) Has the part been properly derated to make the application consis-
tent with the design goals?
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(d) Considering the system environmental requirements, does the
part, as applied, have an anticipated failure rate consistent with the
system reliability poal, schedule, and available funding?

Drawings.-Part specification control drawings will be prepared for
procuring the desired part when there is no appropriately specified part
available, These drawings will contain as a minimum the following require-
ments:

(a) Electrical performance

(b) TIMechanical requirements

(1) dimensions and weight
(2) construction
(3) 1lead material and finish
(¢) Tlarking
(d) Quality assurance provisions
(1) quality control requirements
(2) sterilization requirements
(3) qualification tests
» methods
» data required
(%) acceptance tests and serialized data required
(e) Qualified vendors selected and listed as suppliers
(f) Reliability requirements
(1) 1ot tolerance percent defective (LTPD) or failure rate
(2) handling by the vendor and Westinghouse
(g) Proper packacing for sterilization, storapge, and handling.

Testing,-Westinphouse!s incoming receiving department will measure
physical and performance characteristies, comparing them with the specified
requirements and serialized data.

Storage and handling.,-Parts will be properly stored and handled in
accordance with the quality assurance plan.

"'ailure reporting.—A procedure will be establshed for reporting
supplier and in-house part railures, The discrepancy reporting procedure
will provide timely feedback of information, enabling prompt corrective
action.

Parts Control Procedure

Parts lists and the PCE,-Parts selection and control is accorplished
using a preferred parts list, a standard format for listing part informa-
tion, and a parts control encineer (PCE) assigned to the project to ruide
the design engineers in all aspects of part selection and application.

Parts ordered by the design engineers must be approved by the PCE or
the project reliability engineer. Approval consists of the signature of
either engineer directly on the purchase order, Thus if any ordered parts

AEROSPACE DIVISION

UNCLASSIFIED




UNCLASSIFIED @

are not listed in the preferred parts list, the purchase order is held until
the item is reviewed and approved.

During the initial design, phase of the program the preferred parts list
is prepared by the PCE in conjunction with the project design engineers and
the parts reliability specialists (Figure 4). This computer printout will
provide such information as part type, drawing number, generic type, relevant
characteristics and tolerances, weight, typical cost, and recommended derat-
ing.

Handwritten parts list.-~Preparation of the parts list begins with the
design engineer initiating a handwritten parts list., On Westinghouse form
BA 569LA he enters pertinent application and usage data for all parts. This
standard company form is shown in Figure 5.

The top portion of BA 5694A identifies the system, the subsystem and the
originator of the form. The lower portion lists the parts data. Circuit
symbol numbers, part drawing numbers, and circuit stress data are all sup-
plied by the design anginerr.

The PCE then receives the list, He supplies the weight, estimated sur-
face temperature, percent derating, and failure rate data. This application
information, updated with all part changes, is always available for design
reviews and other activities where accurate, up-to-date information of parts
application is required. Other data, such as drawing find-numbers, source
codes, assembly drawing numbers, and shop major task mumbers, are useful on
a company-wide basis,

The original copies of the handwritten parts lists remain with the PCE,
while the electrical design engineer, mechanical design engineers, and reli-
ability engineer receive copies., As the parts list is revised, copies are
sent to all concerned parties. Any person involved in the design can request
a part change, but the change is always reviewed for approval by the electrical
designer, mechanical designer, and the PCE prior to changing the parts list.

Keypunch and computer printout.-After parts from several circuilts have
been tabulated on parts list forms, the kevpunch operation begins (Figure 6).
The preferred parts list printouts are grouped by subassembly, printed
circuit board assembly, and modules, This partial information is immediately
available to various activities throughout the division,

17

Updatinr.~Since all Change Requests and Revision Notices are routed
through the PCE, he is able to keep the parts list current and maintain con-
trol over parts selection and application,

As the desipgn drawings are completed the next higher assembly drawing
mnumber and find numbers are added to the parts list, As the design progresses
and parts lists are released for mechanical design, work requests are sub-
mitted by the PCE to the Components Engineering section. The PCE requests
the preparation of drawings of items that are not military specification
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PCE Approved
Parts Lists

Copy of Fach New Parts
Iist to Keypunch

Keypunch Cards

Copies

of Printouts

Printout Copies

Mechanical
Design

Quality Assurf

Usage Info
for Components

Manufacturing
Information

to:
Tlectrical Proj. lleliab. Director of
Desimm Engineer
1
Project Manufacturing
lianager Ingineer
Purchasing
Department
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FIGURE 6,- FLOL OF PARTS LIST PRINTOUTE
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parts or which for some reason require the preparation of a Westinghouse
Specification Control Drawing. The PCE monitors the release of these draw—
ings to ensure that their requirements are adequate and that they are avail-
able on time,

When the design is considered firm, the PCE initiates an Advance Order
Authorization (AOA), or he reviews and approves by signature all AOA's
initiated by design engineering, Records are maintained of part purchase
orders and their status from the time of release until the parts are delivered
to project stores.
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DOCUMENTATION

The reliability effort on the SPRA program will be documented in detail.
Where this documentation is required for internal use only, the data will be
available at all times during the program to the NASA/IRC technical officer
| - or his representatives. The Director of Reliability Engineering will main-
tain all reliability documentation, including specific documentation as
specified in the contract.

The following reports will be submitted to the NASA/LRC project office:
Reliability Program Plan--30 days after go-ahead

Reliability Apportiomment--45 days after go-ahead

Reliability Estimate--120 days after go-ahead

Failure Effects Analysis--30 days after design freeze

Approved Parts List--90 days after go-ahead

Failure Reports-~1 week after failure, weekly thereafter

Design Review lieport--30 days after reviews are completed
Reliability Status Reports--monthly throughout program

27
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QUALITY ASSURANCE PROGRAM PIAN

General

This program plan describes the Product Reliability Department functions
and controls that ensure compliance with NASA Quality Publication, NPC-200-2,
"Quality Assurance Provisions." Any additional specific contract requirements
mist be written as supplemental attachments to this plan.

Quality Program Manapement

The Product Reliability Department has the necessary authority and
organization to control the production operations and all related efforts
affecting product quality at Aerospace Division. The manager of Product
Reliability is directly responsible to the General Manager of Aerospace
Division for the quality of all products. For each Aerospace program, the
Manaser of Product Reliability appoints a Product Reliability Director who
is résponsible to the Program !lanager for the performance of the program
quality assurance functions.

Quality Reports (Customer)
Documentation of inspection and tests are maintained and quality reports
based on these data are submitted to the customer, as required by contract.
Design Control
Design raview.,-Product Reliability personnel participate in design re~

views to ensure inclusion and adequacy of reliability and quality require-
ments,

Revision notice control.-A revision notice (RN) procedure provides
control and initiates required changes to engineering drawings and related
documents that control equipment configuration. The effectivity point of
changes that affect materials, fabrication, or performance are clearly
defined by the revision notices.

Confipuration manarement.-Configuration management is the responsibility
of the Program Manarer, who establishes a Configration Control Board (ceB)
with himself as chairman., The CCB, as a minimum, consists of representatives
of Project Engineering, ibnufacturing, and Product Reliability. The CCB pro-
cesses and approves all RN's according to the RN procedure, the chairman
(Program Manager) being responsible for all decisions.

Test equipment configuration and certification.-Test equipment configur-
ation is documented and controlled through the RN procedure. Westinghouse
inspects and certifies test equipment prior to use, and records of certifica-
tion are maintained by the responsible Product Reliability Director,

29
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Control of Procured Material

Vendor survey.-Suppliers are selected based on the type and use of
supplies to be purchased, evidence of quality, and any previously demon-
strated capability. When evaluation of these considerations dictate, the
vendor is surveyed., Survevs are documented and include data pertinent to
the vendor's inspection, test and process capabilities, quality control
system, controls, procedures, and personnel,

Procurement document review.-Westinghouse reviews documents control-
ling the procurement of parts and equipment to assure compliance with con-~
tractual quality requirements of the end item,

Specification of quality regquirements.-Purchase orders will contain a
complete description of the supplies ordered. They will include, by state-
ment or reference, all drawing, specification, or contractual requirements,
and any requirements for Government or Westinghouse inspections, qualifica-
tions, or approvals.,

Westinshouse source inspection.~Inspection or surveillance is conducted
at a supplier's plant hefore shipment to Westinpghouse when the type of
supplies, controls, economy, or quality deem it necessary. All supplies
are subject to final acceptance at Westinghouse and/or Government inspec-
tion,

Receiving inspection,~-Receiving inspection has the responsibility for
determining that procured material complies with all applicable drawings,
specifications, and procedures,

Vendor rating.-All rejected purchased material is reported. Summary
reports of nonconformances help to monitor and evaluate supplier perfor-
mance and to obtain corrective action, Also they are puides for the
sclection of suppliers for follow-on and new purchases,

Government Furnished Material

Government furnished property is inspected for shipment damare, com-
pleteness, and proper type, and is functionally tested when required by
contract., The items are identified, stored, and/or protected from improper
use or disposition. Defective Government furnished material is reported to
the cognizant Government Representative Control. Procedures are defined
by the Westinghouse Baltimore Divisians Manual for the control of Covern-
ment Property.

-~ AEROSPACE DIVISION
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Control of Fabrication

Specification conformance inspection.-When required by contract, first
units of new production contracts are subjected to a specification conformance
inspection. This inspection compares the equipment to the contract require-
ments, the applicable MIL Specification, equipment test specifications, and
applicable drawings. The results of this inspection are documented with any
actions required to correctthe nonconformances.

Inspection and test procedures.-The inspection is according to the Pro-
duct Reliability Department Procedures and Project Directives; also the
Test Specifications document procedures necessary to provide uniform control
of inspection and test operations.

Inspection criteria.-The criteria for approval or rejection is provided
for all inspection operations by means of Products Reliability Procedures
and Project Directives, drawings, process specifications and workmanship
standards.

Workmanship standards.-The quality of workmanship required from various
techniques and processes are documented by workmanship standards. These are
used by inspectors to assure compliance and continuing high quality workman-—
ship.

Inspection.~Mechanical inspection is performed at significant points
throughout all areas of fabrication, assembly and test, It assures conform-
ance to design, process, quality workmanship and configuration requirements,

Production test (including tooling).~The necessary tooling to perform
production testing is designed and made available as an element of the quality
program. Testing in accordance with documented procedures and specifications
demonstrates the end-use functional requirements of the equipment.

Completed item inspection and testing.-Final inspection and test opera-
tions for each unit assures the overall quality of the equipment and its
ability to meet end-use requirements.

Inspection records.-Records of inspections are documented by entries

made on control tags that accompany the material. Nonconformances are record—

ed and inspection/test status and acceptance is indicated on the tags.

Test Hecords.-Test rcoults are recorded on test data sheets or in test
log books. These data include appropriate reference to the applicable speci-
fications, procedures, and revision status together with readings/results of
the tests performed.

Rejection records-control tags.-Records of nonconformances are made by
entering such data on control tags. The control tags of serialized units are
retained as permanent quality records for six years, or as required by con-
tract.
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Rejection records—DA.-Mechanical defect data are recorded on defective
apparatus (DA) tars. Amons information included are a description of the
defect and corrective action.

Rejection records—-DR.-Electrical nonconformances encountered from
bench test through final test are documented by the use of a discrepancy
report (DR). In addition to identifying and control data, DR information
includes results of discrepancy investipation and statements of corrective
action.

Submittal records.-Submittal records document both the results of
Westingrhouse inspection and test, and of Government review of reccrds and
equipment, at selected points,

Serialization control.-Westinghouse serial numbers are applied to
assemblies and selected fabricated items prior to inspection in order to
provide positive identification and control.

Confifuration and serialization record.-Records are retained of de-
livered equipment to identify the configuration by part number, revision
letter and serial number of assemblies at the time of shipment.

Traceability of materials.-llhen required by contract, records of pur-
chased articles and materials are maintained in such a manner that the
source is identifiable.

Corrective action.-A system of information feedback is maintained in
conjunction with a corrective action program to prevent recurrence of non-
conformances, malfunctions, or failures, for both purchased items and in-
house operations.

Failure analysis.-In the Product Reliability Assurance laboratory
(PRAL), analysis of selected component failures determines the failure
mode, Defect classification is made and corrective action initiated.
Equipment test failure data is collected, tabhulated, analyzed, and dis-
seminated to facilitate corrective actions.

Area audits.-Areas are audited periodically to assure conformance to
operating procedures and requirements. These audits include manufacturing,
inspection, and test functions. Audits are documented and include descrip-~
tions of any deficiencies found, responsibility, and effective date of
corrective action.

Product Audits.~Typical units of equipment are audited periodically
to assure conformance to drawing, specification, workmanship, and contract
requirements. These audits are documented and include descriptions of any
nonconformances found, and corrective action to be taken.

Special environmental control.-Special environmental control is main-—
tained in areas of fabrication and test as required by the contract, or as
necessary for the equipment to meet functional requirements, This includes
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the necessary controls over parts and processes to make possible steriliza-
tion of the end product.

Process control.~Two such controls are:

® Process and equipment certification.-Equipment and processes are
certified when required by contract or applicable Military Specificstions.
In addition, certain processes not covered by [filitary Specifications are
certified where control is deemed necessary Lo assure product quality and
reliability.

e Process_audit.-Manufacturing processes are periodically audited to
assure continuing conformance to applicable requirements,

Nonconforming lMaterial

Nonconforming material which cannot be reworked to drawing/specification
requirements is subjected to review by a laterial lleview Board (IRB) for
approval of repair procedures and/or acceptance for "as is" use. The MRRB is
composed of a Government Representative and government approved members of
the Engineering and Product Reliability Departments. Facilities are provided
for the segregation and positive identification of the nonconforming material.

Inspection, .leasuring and Test Equipment

ileasuring and testing equipment.-Westinghouse operates complete and up-
to-date test and measuring facilities to assure that produced items conform
to technical requirements. Procedures which conform to MIL-C-45662A, "Cali-
bration System Requirements," are maintained for the calibration, control
and approval of measurement and test equipment.

Production tooling used as media of inspection.-When tools, jigs, fix-
tures and other such devices serve as media of inspection, they are inspected
or proved by suitable mean for accuracy prior to release for use, These
devices are re-inspected or proved at established intervals.

Inspection Stamps

Evidence of inspection/test acceptance status is controlled by a system
I v Mg

of stamps. The stamps are numbered and assigncd to the individual inspectors

and test technicians.

Preservation, Storage, Handling, Marking, Packaging, and Packing
Preservation, storage and handling procedures,~Procedures for the hand-

ling and storage of material, parts and assemblies in a safe and adequate
manner are in effect throughout Aerospace Division facilities. These include
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identification methods, protection of finishes, control of (overnment
property, and control of limited life supplies, materials and parts.

Also, existing procedures provide for the cleaning and preservation of
material, parts, and assemblies necessary to prevent deterioration throurh
exposure to air, moisture or other elements during fabrication, handling
or storage.

Yarking, packaging, and packing procedures.-Equipment is identified
by marking in accordance with applicable !IL and/or contract requirements.
Packing and packaging procedures also require compliance to !MIL and/or
con ract requirements. When not specified by contract, the methods used
are specified by Packaging Engineering. Tests on packing and packaging
materials are performed on a sampling basis to assure their environmental
and physical adequacy. Accuracy of the shipping documents is verified
prior to shipment. Units, packares and documents are available to Govern-
ment Inspection.,

Statistical Quality Control

Statistical samplings.-~Sampling inspections are in accordance with
{[I1~STD-105 or TI~-STD-414 and applicable Station Inspections. Quality
levels of sampling are appropriate to the complexity, function, and
quality required of the end item.

Control charts.-Control charts in selected areas and for certain
equipment provide statistical data of quality levels and controls, as well
as progsram visibility.

Training and Certification of Personnel

Personnel training.-Inspection personnel are subjected to continuing
training programs to assure orientation and indoctrination in quality
assurance prccedures, methods, and techniques, Employees whose skills
contribute directly to quality are subjected to specialized training to
assure that their skills and knowledge keep pace with the technolcry re-
quired to achieve optimum performance.

Personnel certification.~Personnel performing certain operations and
tasks are certified when required by contract or applicable [Hilitary Spec~
ifications. In addition, personnel performing certain operations not
covered by !Military Specifications are certified by Westinghouse where
such control is considered necessary to assure product quality and reli-
ability.
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EFFECTS OF STERILIZATION ON RELIABILITY

Contamination and Sterilization

Sterilization is required to preclude contaminating the destination
environments of deep space probes, The requirements have been the object
of previous studies by Space Department personnel at the Westinghouse Defense
and Space Center., One result of such study is a report titled "Voyager
Lander/Capsule Science Payload Integrated Study," dated 30 June 1965. It
examines the effects of sterilization and decontamination on materials and
components, and is particularly applicable to the SPRA program. The
electrical and electronic parts considered in the subject report, except for
those parts unique to the particular system, are the same type parts con-
sidered for application in the Space Probe Radar Altimeter.

Specifications

The environmental specifications used for the SPRA study are described
in JPL Specification VOL-50503-ETS, dated 12 January 1966, and titled
"Environmental Specification, Voyager Capsule Flight Equipment, Type Approval
and Flight Acceptance Test Procedures for the Heat Sterilization and Ethylene
Oxide Decontamination Environments,"

This specification describes a pilece part and material compatibility
test, It requires (1) six cycles of ethylene oxide decontamination at 50°C
for approximately 30 hours each cycle, and (2) six cycles of heat steriliza-
tion at 135°C for 96 hours each cycle. Westinghouse's major effort has been
to ascertain the level of degradation of part reliability due to these tests.

Effect on Parts
Parts required in the altimeter design and fabrication are as follows:

Diodes - silicon rectifier, switching, zener varactor, mixer and high
power

Transistors - high and low power

Resistors -~ wirewound, carbon and metal film

Potentiometers - wirewound

Capacitors -~ tantalum, ceramic, mica, metalized paper

MIC's - analog and digital

Inductors - fixed and variable

Coils -~ RF

Transformers - pulse and high frequency

Connectors

Transistors, diodes and integrated circuits are thermally stabilized
during the manufacturing process at temperatures above 14,5°C. Therefore
they present no problem under the sterilization environment. Carbon
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resistors will withstand 145°C temperature without depradation as long as
they are not operated during the test,

It is JPL's conclusion that particular types of resistors from various
manufacturers appear more prone than others to fallure or parameter drift.
Wirewound and metal film resistors show little tendency to drift after test.

Ceramic capacitors show a temporary increase in capacitance and dissipa-
tion factor after test, This variation will have to be taken into considera-
tion during circuit design.

Tantalum capacitor tests run by JPL indicate a decrease in insulation
resistance by a factor of ten. The insulation resistance increased to the
original level after operation at high temperature and rated voltare; how-
ever, catastrophic failure occurred ‘n some units. To obtain reliablz tanta-
1vm aapacitors specifications,detailing appropriate thermal screening and
inspcet ion will be necessary.

There is no data available at this time on inductors, transformers, coils
and connectcrs, lowever we foresee no particular problems with these units
since desipns are currently available for temperatures above 145°C,

Intended Procedurec

Through the following procedures, Westinghouse intends to prevent desra-
dation of reliability due to steriligzation:

(a) Establishing an approved list of heat sterilizable parts.

(h) Emplovins specifications which ensure that only those parts having
a capabhility of sterilization are procured.

(¢) In-house testins of samples from lots of parts *- ensure part
integrity and correctness of vendor data.

4
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AEROSPACE DIVISION

Appendix A
DISCREPANCY HEPORT ING SYSTEM

PURPOS

The Discrepancy Report is the transmittal means for providing
.+ complete, rapid, and accurate reporting of all discrepancy,
t.rouble, failure, maintenance, and consumption data for the
product support effort.

The information obtained from the reporting system will be
utilized for obtaining corrective action on product problems,
for reliability and maintainability measurements, and for
quick and accurate feedback to all inplant and field functions.

ISSUANCE OF DISCREPANCY REPORT

The Discrepancy Report will be issued whenever one of the
following conditions exist:

A. Item failure/malfunction - An item's performance is outside
specification tolerances (catastrophic failure or out of
tolerance drift).

B. Item discrepancy/deficiency - An item has inherent design
discrepancies or deficiencies such as, part misapplication,
circuit misapplication, packaging problem, etc.

C. Secondary/associated failure - An item has failed to meet
performance specifications due to the malfunction of
another item (primary failure) within the equipment.

D. Corrective measure - An unscheduled adjustment or other
corrective measure was required to return the item to
operation status.

K. Maintenance deficiency - A deficiency in the maintenance
requirements of an item, which does or may detrimentally
affect functional operation of the item.

F. Unscheduled preventative maintenance - An unscheduled ad-
justment or other preventative maintenance actiocn to
maintain an item in operational status, and which is not
specifically designated as allowable in the governing
test specification or technical publication.

G. Workmanship error - An error in workmanship either during
manufacture or repair/rework of the item which degradates
the item's performance.
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III.

IV.
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“pcostor error - An error by personnel responsible for
i performance of a test or operation of the iteri, which
cousad the iter. to perforn outside its perforrance speci-
fications.

I. Procedural error - An error in test specification, tech-
ni-al publication, etc., which thronh strict adherence
to the dircctive caused or could caver iten performance
outside specification lirits, or ope:ation at reduced
capahilivy.

WHEN TO ORIGINATE DISCRETANG ™ RLPORT

Repor+ing of any of the above < nditions or actions 1s required
whenever such condition or acti ) occurs during environr ental/
oua“1ficdflox test, circuit checl., nenfh/unlt test, secna-
corpozite ‘major assemhlr test, corposite, /systern: teu or all
field operations. Reperting shouid he accorplished as soon as
the discrenancy is definable. but not later than twenty-four

L

nours after first indication of the condition or action.
DISPCSTITION AUD DAIIDLING OF DISCREPAICY kTICRT

In the event a reportable condition or action cccurs, the

followine will bhe followed for reportins the occurrence and

transritting the required follow-up inflort ation:

A, In-Plant

1. Criginator

a. Corplete blocls I thron~h 20b.

L. Obtain Supervisor's arproval in blocls 200,
¢. Forward copy 4 to Reliability Engineerine.

d. Attach renaining ccpics of Discrepancy Heport to
discrepant iten

N

Repair/Rewvorlk Activaity

a. Corplete bloclks 21 thrcurch 34.

b, Chtain Supervisor's approval! in blccls 34,

c. Renove copy 3 (Preduction copy) for’ rcqulsition
of new parts.

3., Tanufacturine

3. Complete blocks 35 threnrh L3 on copies 1, 3, 5,
7/
‘.
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v. Retain copy 3.
c. Forward discrepant item and copies 1, 2, 5 and 6
of discrepancy report to Product Reliability Analysis.

Product Reliability Analysis

a. GComplete blocks 28, L4 and 45 through 54 as appli-
cable.

b. Retain copy 5.

Reliability Engineering

a. Complete blocks L5 through 54 as applicable.
b. Retain copy 2.

B. In-Field

1.

Criginator

a. GComplete blocks 1 through 20c.
b. Forward copy 4 to Reliability Director of Project,
Baltinore Defense Center,

Repair/Rework Activity

a. Complete blocks 31 through 34, and 45 through 48.

b, Forward to Reliability Director of Project,
Baltimore Defense Center, copies 1,2,3 and 6 attached
to discrepant item if item is to be scrapped.

¢. Retain copy 5 for own consumption.

Copies 1,2,3 and 6 stay with lowest level item being

sent to supply depct or DBaltimore for repair.

V. INSTRUCTIONS FOR COLPLETION OF DISCREPANCY REPCRT

A. Portion To Be Completed by Test/laintenance Personnel

Biock 1, Reporting Activity « Enter the name of the

department, agency, etc. reporting the failure,
action, or condition.

Block 2. Date - Enter month, day, and year the failur

ilure
occurred, action took place, or condition was

noted,

Block 3, Location - Enter the name of the fazility,

AEROSPACE DIVISION

vehicle's name or location at which reportable
occurrence took place.
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Examples: WP (Westinghouse-Parker Road),
WE (Westinghouse-Electronics),

System Name - Enter name of top-level system

in which failure or action was noted.

Model Designation - Enter model designation

of system for which item involved is, or
normally would be, a part there of. (If item
is not assigned to any particular model, leave

0. Original - Enter serial number of system in
which failure or action occurred. (Leave
blank if item involved is not part of a

R. Replacement - Enter serial number of re-
placement system if original system has
been removed. (If not, leave blank).

" AVM-1l, etc.
Block 4a
Esamples: SPG-59, TPS-27, etc.
Block 5a
blank).
Examples: XZ-1, etc.
Block 6a System Serial Number
specific system).
Block 7a

Reference Designation - Enter reference desig-

nation for system listed in block 4a.

Block 8a, b, ¢, d, Operating Time - Indicate whether

40

operating time is from a meter or estimated
from watch time, operation logs, etc. by
checking appropriate block.

If operating time is by meter, then:
1. (0) Indicate meter reading associated with

original unit in blocks 4a, b, ¢, d,
and fa, b, c, d.

2. (R) If meter in O. above has been removed,
either by itself or in a discrepant
unit, indicate new meter reading of

replaced unit.

3. If operating time is estimated, put estimate
in appropriate unit level.

L. Circle "Hrs." or "Cyc." indicating whether
units are in hours or cycles.

UNCLASSIFIED
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Block 9a System Supplier -~ Enter name of supplier of
system listed in block 4a.

Examples: WE (Westinghouse-Electronics),
Bendix, etc.

Block 4b Assembly Name - Enter drawing nomenclature of
major assembly or enclosure in which failure
or action occurred.

Examples: Transmit Array, Radar Computer
Enclosure, etc.

Block 5b Assembly Drawing Number - Enter Westinghouse
drawing number for major assembly listed in
block 9.

Examples: Receiver AN/DPN-53

Block 6b Assembly Serial Number
0. Original - Enter serial number of assembly
in which failure or action occurred.
(Leave blank if item is not a part of a
major assembly).

R. Replacement - Enter serial number of re-
placement assembly if original assembly
has been removed. (If not, leave blank).

Block 7b Assembly Reference Designation - Enter desig-
nation localizing assembly to specific function
in system.

Examples: 408, 201, etc.

Block 9b Assembly Supplier - Enter name of supplier of
major assembly listed in block 4b.

Examples: WE (Westinghouse-Electrics),
UAA (Vestinghouse-Air Arm), etc.

Block L4c _ Subassembly Name - knter drawing nomenclature
of next lowest level assembly in which failure
. or action occurred.

Block 5¢ Subassembly Drawing Number/Printed Circuit Code
Enter Westinghouse drawing number or printed
circuit code of subassembly listed in Block 4ec.

41
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Block 6c  Subassembly Serial Number
0. Original - Enter serial number of sub-
assembly in which failure or action
occurred.

R. Replacement - Lnter serial number of re-
placement subassembly if original sub-
assembly has been removed.

Block 7¢ Subassembly Reference Designation - Enter
reference designation for subassembly listed
in Block 14 as imprinted on the next hirher-
level assembly listed in Block 4c.

Ixamples: 408 AOO1l, 201 AOOl

Block 9c¢ Subassembly Supplier - Inter name of supplier
for subassembly listed in Block 4ec.

Examples: WE (Westinghouse-Electronics),
WAA (Vestinghouse-Air Arm), etc.

Block hd’ Module Name - Enter drawing nomenclature of
next lowest level subassembly in which failure
or action occurred.

Block 5d __Module Drawine MNumber/Printed Circuit Card

Inter lestinphouse drawing number or printed
circuit code of module listed in Block 4D.

Block 6d _ Module Serial Number

0. Original - Inter serial number of module
in which failure or action occurred.

R. Replacement - ILnter serial number of re-
plaeement module if original module has
been removed.

Block 7d  Module Reference Designation - Enter reference
designation for module listed in Block 4D as
imprinted on the next higher-level assembly
listed in Block Ac.

Examples: 408 AOO1 AOl, 201 AO0O1 AOQl

Block 9d ~ Module Supplier - Enter name of supplier for
module listed in Block 4D.

Examples: WE (Westinghouse Electric), etc.

L2
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Block 10.

Shop Order Number - Enter shop order number

Block 1l.

(PLANT USE ONLY).

Test Level of Discrepancy - Enter the level

Block 12.

of test that item was in when failure or
action occurred.

Normal Operation - Indicate whether this was
a normal operation function by checking ap-
propriate box.

Preventative Maintenance - Indicate whether
this was a preventative maintenance function
by checking appropriate box.

Test Specification/Paragraph Number - If dis-

Block 13.

crepancy, failure, or action was noted during
a specific test or functional operation which
could be identified by a specific Test Speci-
fication or Technical Publication, enter the

document number, and the associated paragraph
number.

Mode of Operation - Enter the specific function

Block 14.

of equipment or mode of operation when failure
or action occurred.

Examples: Track While Scan Mode, etc.

Sympton of Discrepancy - Check that box which

Block 15.

corresponds to the best description of the
indicator of the failure, action or condition.
(If none of the blocks are appropriate, check
"OTHER" and explain further in Block 19).

Reference Other Reports - Reference any other

Block 16.

correspondence, Discrepancy Reports, or reports
which have been originated as a result of the
fajlure, action, or condition.

Apparent Cause of Discrepancy - Check that box

AEROSPACE DIVISION

which is the best estimate at the time of oc-
currence of the apparent cause of the failure,
action, or conditfon. {If none of the blocks
are appropriate, check "OTHER" and explain
further in Block 19).
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which indicates the immediate corrective action
taken on the highest-level replaceable item to
restore the system to operational status. (If
none of the items are appropriate, check "OTHER"

tenth of an hour, the total time to restore the

clear narrative describing the failure, action,

prevent recurrence, if any. Include any infor-

Department - Department of person in Block 20.

Date - Date that Discrepancy Report was written

by person in Block 20 (not necessarily the same

Block 17. Immediate Corrective Action - Check that box
and explain further in Block 19).

Block 18. System Down Time - Indicate to the nearest
system to operational status.

Block 19. Description of Discrepancy - Enter brief but
or condition, and the action taken to peewswt
mation that appears to be pertinent to the
conditions surrounding the occurrence.

Block 20. Reported By - 3isnature of person reporting
occurence.

Block 20A
(PLANT USE CILY).

Block 20B
as Block 2).

Block 20C

Approved By - Jignature of supervisor of person

B, Tortion To

Block 21.

Block

in Block 20. (PLANT USE ONLY).
Be Completed By Repair/Rework Personnel

Conditions Found During Repair/Rework - Enter

22,

brief but clear narrative describing conditions
found durine repair/rework of unit, such as
components worn excessively, dimensions out of
tolerance, etc,

Total Maintenance Time

LL

22Ah. Diagnosis - Lnter the time that it took
in the repair/rework area to isolate the
discrepancy in the removed unit.

22B. Repair - Enter the time that it took in
the repair/rework area to repair the
discrepant unit.

22C. Retest - Enter the time that it took to
retest the unit after repair/rework. In-
dicate whether unit passed or fajled retest.

UNCLASSIFIED
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Block

23.

Txamination - Indicate whether unit can be

failure verified and/or failure analyzed.
23A. Signature - Person giving authorization.

23B. Date - Date of authorization.

Block 24LA, B, C, D, Part Name - Enter drawing nomencla-

ture of part/parts replaced.

Block 25A, B, C, D, Drawing/Part Number - Enter ‘esting-

house drawing number of part/parts replaced.
If none exists, then enter suppliers part
number.

@_

Block 26A, B, C, D, Complete Circuit Symbol - Enter the
complete circuit symbol of part/parts replaced
as imprinted on next-higher level assembly.

Block 27A, B, C, D, Part Serial Number - Enter serial
number of part/parts replaced.

Block 28A, B, C, D, Charge Number - Enter charge number
for this particular repair/rework action.
(PLANT USE ONLY).

Block 28A, B, C, D, Federal Stock Number - Enter federal
stock number corresponding to drawing/part
number in block 26a, b, ¢, d. (FIELD USE ONLY).

Block 29A, B, C, D, Section - Enter section name where
charge number is applicable. (PLANT USE ONLY).

Block 30A, B, C, D, Supervisor - Signature of supervisor
authorizing charge number. (FPLANT USE ONLY).

Block 31. Repaired/Reworked By - Signature of person
making repair/rework action on item.

Block 32. Department - Department of person in Block 32.
(PLANT USE ONLY?.

Block 33. Date - Date that repair/rewcrk action was com-
pleted.

Block 34. Approved By - Signature of supervisor of person

AEROSPACE DIVISION

in block 32. (PLANT USE ONLY).
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., Portion To Be Corpleted By Production Department FPersonnel

Dlocks 35 threuch 44 are to be completed by production
department personnel as applicable.

D. Portion To Be Cormpleted By Froduct Reliability/Engineering
Services/Part Analysis Personnel.

Before filling out the following blocks, reriove carbon from
between copies 1,2 and 3. TFold flip-out copies 2 and 5 so
that they are bacls 1o bacit with copy 6. Place carbon be-
tween bottom portion of copies 2,5 and back of copy G.
Inferration of copies 2,5 and bacl: of 6 rust be legible.

Blozi 5. Effect on System Ferformance - Check appropriate
blocl: to indicate the effects of this particular
discrepancy on the systen's performance. Lx-
plain further in space provided, if necessary.

Block A4G. Actual Cause of Discrepancy -- Enter brief but
~lear narrative describing the actual cause of
discrepancy, if lLnown. If not determined or
not determinable, so indicate.

Blocl: 47. Was Failure Verified - Check appropriate block
to indicate whether failure of unit was verified.

Blocl: L&, Failure Verified Dy - Signature of person veri-

[&5)
fying failure.

Tlock LO. Predicted Failure Ratc ~ Indicate part predicted
failure rate, if lmown.

Dlocl: 50. Was Failure Analvysis Performed - Checl: appro-
priate blocl: tc indicate whether unit failure
analysis was rerforred.

Yock 51. Failure Analysis Dy - Signature of perscn
perforning failure analysis.

Rlock 52. Actual Faiiure Rate - Indicate part actual
faiiure rate, if lnown.

L. Porticn To Be Corpleted Dy Reliability Engineering/Product
Reliability Analvsis/Desien Dngineering Personnel.

L6
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Block 53.A Failure Anaiysis Results - Enter a brief narra-
tive describing the results of the unit failure
analysis.

Block 54. Comments - Enter any additional information that
may be appropriate, such as, recommendations for
corrective action, corrective action taken, etc.

AEROSPACE DIVISION LT
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